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(54) Method for manufacturing a mold 

(57) A method for manufacturing a mold includes 
the steps of machining at least a portion of a cavity sur- 
face (a) at a controlled roughness (R z ), and embossing 
the machined portion of the cavity surface (a) with a 



specified embossment having a specified depth (z), 
wherein the ratio of the roughness (R z ) to the depth (z) 
of the embossment is controlled to be at a particular val- 
ue. The value is smaller than 0.6, and preferably is about 
0.2. 
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Description 

The present invention generally relates to a method 
of manufacturing a mold and more particularly concerns 
a method of manufacturing a mold used for embossing. 

A conventional mold used for embossing (transfer- 
ring a pattern formed in a surface of a mold to the surface 
of a product molded in the mold, used, for example, 
when transferring a pattern of a mold to a plastic prod- 
uct) is manufactured by machining a cavity surface 
(product forming surface) of the mold. This can be done 
by applying milling or electric discharge machining to the 
surface, grinding the machined cavity surface, and final- 
ly embossing an embossment pattern into the ground 
surface. 

In the milling step, a ball end mill with a tip having 
a semispherical configuration is used and a pick feed of 
1 .0 - 2.0 mm is selected. The surface of the mold is then 
machined to a roughness of 1 5 - 40 um A portion of the 
mold where the space is too narrow to receive the end 
mill or where the depth is too deep for the tip of the end 
mill to reach is machined by electric discharge machin- 
ing. During electric discharge machining, the electric 
discharge energy per electric discharge is selected so 
that the same order of surface roughness as that of mill- 
ing (the roughness of 15 - 40 jam) is obtained. 

During the grinding step, the machined surface is 
ground by means of a grindstone or a grindpaper, man- 
ually or using a robot, to be smaller than 3 - 5 u,m in 
roughness. 

During the embossing step, although the depth of 
the embossment varies slightly according to the pattern 
of the embossment, the depth of the embossment is 
usually 20 - 1 30 jam, The ground cavity surface of the 
mold is cleaned, is coated with an acid-proof photosen- 
sitive film, and is then attached to a film on which an 
embossment pattern is drawn. Then, the surface is ex- 
posed to light and is developed so that only the portion 
of the acid-proof photosensitive film exposed to light is 
solidified. Then, using an acid liquid, only the portion of 
the ground cavity surface corresponding to a non-solid- 
ified portion of the acid-proof photosensitive film is cor- 
roded so that the surface of the mold is embossed. 

However, in the conventional method for manufac- 
turing an embossing mold, grinding is necessarily con- 
ducted, and much time and work is spent carrying out 
this grinding step. Further, because the optimum sur- 
face roughness for machining is not given, the rough- 
ness will be too coarse or too fine. In this instance, an 
excessively coarse roughness would make the grinding 
time period too long, and an excessively fine roughness 
would make the machining time period too long. 

In light of the foregoing, a need exists for a method 
for manufacturing a mold which can eliminate grinding 
and optimize the roughness for machining the cavity 
surface. 

A method according to the present invention in- 
volves a way of manufacturing a mold having a cavity 



surface at least a portion of which is embossed. The 
method includes the steps of machining the portion of 
the cavity surface at a controlled roughness, and em- 
bossing the machined portion of the cavity surface with 
5 a specified embossment having a specified depth, 
wherein the ratio of the roughness to the depth of the 
embossment is controlled so as to be at a particular val- 
ue. 

In the above-described method, since the rough- 
10 ness during the machining is controlled at less than a 
predetermined roughness according to the emboss- 
ment depth, grinding can be eliminated, almost prevent- 
ing the roughness of the machining from remaining on 
the embossed surface. Due to this elimination of the 
is grinding step, much time and work which has previously 
been required for grinding is removed. 

The above and other objects, features, and advan- 
tages of the present invention will become more appar- 
ent and will be more readily appreciated from the follow- 
20 ing detailed description of the preferred embodiments 
of the present invention considered in conjunction with 
the accompanying drawing figures, in which like ele- 
ments bear like reference numerals and wherein: 

25 FIG. 1 is a cross-sectional view of a molding appa- 
ratus having a mold manufactured according to the 
method of the present invention; 
FIG. 2 is a cross-sectional view of the cavity surface 
of the mold illustrating the dimensional relationship 
30 between the machined surface and the depth of the 
embossment; 

FIG. 3 is a cross-sectional view of the cavity surface 
illustrating the dimensional relationship between 
the roughness of the cavity surface and a ball end 
35 mill and its pick feed used during milling; and 

FIG. 4 is a graph illustrating the relationship be- 
tween the roughness of the cavity surface and the 
electric discharge energy during electric discharge 
machining. 

40 

As discussed above, other known methods of man- 
ufacturing a mold involve a grinding step. There are sev- 
eral reasons why grinding was perceived to be a nec- 
essary step in the manufacture of a mold used for em- 
45 bossing: 

First, it has been perceived that the roughness re- 
quired to emboss cannot be satisfied by the roughness 
obtained during machining only. 

Second, it has been believed that a step in the con- 
50 figuration which may be caused between the surface 
machined through milling and the surface machined 
through electric discharge machining can only be re- 
moved by grinding. 

Third, it have been perceived that when a relatively 
55 deep scratch is generated during machining, the scratch 
can only be removed by grinding. 

In developing the method according to the present 
invention, countermeasures were discovered to ad- 
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dress the aforementioned three points, thus raising the 
thought that it would be possible to eliminate grinding 
from the mold manufacturing steps. More particularly, 
with respect to the first concern mentioned above, since 
the embossment depth is usually 20 - 130 u.m and is 
relatively greater than the surface roughness (15 u.m) 
usually obtained during machining, it has been found 
that it would cause no problem from the standpoint of 
appearance if the roughness of the machining remains 
in the embossed surface. Concerning the second men- 
tioned above, by adopting an all numerical control ma- 
chining, a step in the configuration would not be gener- 
ated in the machined surface. Regarding the third con- 
cern discussed above, by controlling the rotational 
speed to be high and the milling depth to be shallow dur- 
ing milling, the quality of the machined surlace can be 
made high and stable. 

In order to eliminate grinding in developing the 
present invention, it has been discovered that the rough- 
ness of machining a portion of the cavity surface of the 
mold should be controlled according to the depth of the 
embossment to be formed in that portion of the cavity 
surface of the mold, that is, on the basis of embossment 
depth. The reason is because if the roughness of the 
machined surface is too large relative to the depth of 
that specified embossment, the roughness of the ma- 
chined surface would remain on the embossed surface 
and would be transferred to the product surface. In this 
instance, it is to be noted that the ratio of the roughness 
of the machined surface to the embossment depth var- 
ies according to the appearance quality required on re- 
spective resin products. More particularly, in the case of 
automobile parts, the ratio should be a small value lor 
the upper surface of a grill and an instrument panel be- 
cause the appearance quality required in these areas is 
high, while the ratio may be a large value for the lower 
surface of a bumper and a scuff plate because the ap- 
pearance quality for these areas is low. 

FIG. 2 illustrates the relationship between the 
roughness (R z ) of a portion of the cavity surface a of a 
mold 2 and a depth (z) of an embossment b. From var- 
ious tests conducted for developing the present inven- 
tion, the ratio of the roughness (R z ) to the embossment 
depth (z) is set at a particular value less than 0.6, more 
preferably in the range of 0.1-0.3 and most preferably 
at about 0.2. Therefore, the roughness (R z ) during ma- 
chining is controlled at the value calculated by the fol- 
lowing equation: 

Roughness (R z ) = Embossment depth (z) X 0.2 

The reason for using a ratio less than 0.6 is that if 
the ratio is at 0.6, the roughness of the machined surface 
slightly remains on the embossed surface and is slightly 
transferred to the surface of the resin product, but the 
remaining roughness is in an allowable range from the 
appearance viewpoint in the case of products in which 



the appearance quality required is low, and if the ratio 
is greater than 0.6, the appearance quality exceeds the 
allowable limit. The reason for preferably using a ratio 
of about 0.2 is that the transfer of the machining rough- 
5 ness remaining on the embossed surface of the cavity 
surface to resin products is no longer recognizable and 
therefore the embossing can be used in the case of the 
products in which the appearance quality required is 
high. Although the lower the ratio, the higher the appear- 
ance quality, if the ratio is too small, a period of time 
required in machining (which may be milling or electric 
discharge machining) will be long. Therefore, the ratio 
should be at least equal to or greater than 0.1 . 

In the method for manufacturing a mold according 
to the present invention, at least a portion of a cavity 
surface of a mold is first machined by milling and/or elec- 
tric discharge machining., and then the machined portion 
of the cavity surface of the mold is embossed directly, i. 
e., without grinding before embossing. In order to elim- 
inate the grinding operation, during machining of the 
portion of the cavity surface of the mold., the roughness 
of the machining is controlled according to the depth of 
the embossment to be formed on that surface. The con- 
trol of the roughness of machining can be conducted in 
the following manner. 

In the case where the machining is milling through 
use of using a ball end mill with a tool 9 having a semi- 
spherical tip as illustrated in FIG. 3, the roughness (R 2 ) 
of the machining is determined by the following equa- 
tion: 

_> ^ , .2 2 2 2 2,1/2 

R z = C + (d + s + x +y +Z., ) 



35 where, 

R z : roughness of machining 
d : data tolerance (tolerance of NC data) 
s : the minimum setting value for the data 
40 x : the machine accuracy in an x<Jirection including 
a backlash of a gear, etc. 
y : the machine accuracy in a y-direction including a 

backlash of a gear, etc. 
z\. the machine accuracy in a z-direction including a 
45 backlash of a gear, etc. 

C : the quantity determined from the following equa- 
tion (see FIG. 3): 

cn C = R - R • cos 0 



9 = sin" 1 (P/2R) 

55 where, 

R : a radius of the tip of the ball end mill 
P : a pick feed (see FIG. 3) 
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By selecting the radius R of the tool 9 and the pick 
feed P of the data 10, quantity C can be controlled, and 
by controlling the quantity C, roughness R 2 can be ad- 
justed. Therefore, when the embossment depth z is 
specified or given, the values of R and P are selected 
so that the roughness R z is at least less than 0.6, more 
preferably, about 0.2. 

In the case where the machining is electric dis- 
charge machining, as illustrated in FIG. 4, since a cor- 
relation exists between the surface roughness (R 2 ) and 
the electric discharge energy (an electric current x a 
pulse width), it is possible to control the value of the sur- 
face roughness (R 2 ) by selecting the electric discharge 
energy. In this instance, the lower the electric discharge 
energy, the smaller the surface roughness (R 2 ). 

For example, in a case where a surface roughness 
of 25 u,m was required to an embossment depth of 0.2 
mm, in the tests of FIG. 4, the surface roughness of 25 
jim could be obtained by selecting an electric current of 
10 A and a pulse width of 4, or selecting an electric cur- 
rent of 8 A and a pulse width of 5 - 6. In the tests of FIG. 
4, the material of the electrode was copper, the material 
of the mold was steel, the polarity of the electrode was 
anode, the servo voltage was 0 V, the pressure of the 
liquid used in the electric discharge machining was 0.1 
- 0.2 kg/cm 2 , and the duty factor was 50%. The electric 
current was changed from 5 A to 100 A. 

As discussed above, the surface roughness of less 
than 0.6 x z, more preferably about 0.2 x z, is obtained 
in milling machining or electric discharge machining, so 
that embossing can be applied to the machined surface 
without applying grinding before embossing. 

Embossing is conducted in the same way as con- 
ventional embossing. More particularly, the machined 
surface of the mold is cleaned, then is coated with an 
acid-proof photosensitive film, and then is applied with 
a film on which an embossment pattern is drawn. Then, 
the surface is exposed to light and is developed so that 
only the portion of the acid-proof photosensitive film ex- 
posed to light is solidified. Then, using an acid liquid, 
only the portion of the ground cavity surface correspond- 
ing to a non-solidified portion of the acid-proof photo- 
sensitive film is corroded so that the surface of the mold 
is embossed. 

As illustrated in FIG. 1 , the manufactured mold 2 is 
set in the molding apparatus and defines a cavity be- 
tween the mold 2 and the core mold 3. The mold 2 is 
coupled to a lower plate 7 and the core mold 3 is coupled 
to an upper plate 6. A molten resin is injected from the 
injection nozzle 8 into the cavity. When the molten resin 
is cooled and solidified, the resin provides a plastic prod- 
uct 1. The embossment pattern of the embossed sur- 
face a is transferred to the surface of the plastic product 
1 . When the molds 2 and 3 are open, the product 1 is 
pushed out from the molding apparatus through opera- 
tion of an ejecting pin 4 which is pushed from an ejecting 
plate 5. 

In the method for manufacturing a mold according 



to the present invention, since the grinding step is elim- 
inated, the number of manufacturing steps is decreased 
resulting in a reducing in cost. Though a plastic product 
having its thickness increased by 5 - 10% due to the 
s recess of the surface associated with grinding was man- 
ufactured using the conventional mold, a plastic product 
having an exact specified thickness is manufactured us- 
ing the mold manufactured by the method according to 
the present invention. 

According to the present invention, the following 
technical advantages are obtained. 

First, since the ratio of the roughness of the machin- 
ing to the depth of the embossment is controlled so as 
to be at a particular value, the grinding operation can be 
eliminated from the mold manufacturing process, there- 
by preventing the roughness due to machining from re- 
maining in significant respects on the embossed surface 
of the mold. 

Additionally, since the grinding step is eliminated, 
much time and work can be avoided. 

Also, when the ratio of the roughness of the machin- 
ing to the depth of the embossment is selected to be 
equal to or less than 0.6, the transfer of the roughness 
of the machining remaining on the embossed surface to 
the product is substantially prevented. 

Further, when the ratio is selected to be about 0.2, 
the translerof the roughness of machining remaining on 
the embossed surface to the product is almost unrecog- 
nizable. 

Moreover, since the ratio is selected to be equal to 
or greater than 0.1, increases in the time for machining 
is maintained at an allowable level. 

Also, when milling machining is used, the surface 
roughness can be controlled by selecting the radius of 
the milling tool and the pick feed. 

Lastly, when the machining that is used is electric 
discharge machining, the surface roughness can be 
controlled by selecting the magnitude of the electric dis- 
charge energy. 



Claims 

1 . A method for manufacturing a mold having a cavity 
surface which is at least embossed, comprising the 
steps of: 

machining a portion of the cavity surface (a) at 
a controlled roughness (R 2 ); and 
embossing said portion of said cavity surface 
(a) with a specified embossment having a spec- 
ified depth (z) a ratio of the roughness (R 2 ) of 
the cavity surface (a) to the depth (z) of said 
embossment being controlled to be at a partic- 
ular value. 

2. A method according to Claim 1 , wherein said em- 
bossing is conducted without grinding said portion 
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of said cavity surface (a). 

3. A method according to Claim 1 or 2, wherein said 
value is equal to or smaller than 0.6. 

4. A method according to Claim 1 , 2 or 3, wherein said 
value is equal to or greater than 0. 1 . 

5. A method according to any one of Claims 1 to 4, 
wherein said value is about 0.2. 



1 6. A method according to Claim 1 5, wherein said value 
is equal to or smaller than 0.6. 

17. A method according to Claim 15 or 16 wherein said 
5 value is equal to or greater than 0.1 . 

18. A method according to Claim 15, 16 or 17, wherein 
said value is about 0.2. 



10 



A method according to anyone of Claims 1 to 5, 
wherein said machining is milling. 

A method according to Claim 6, wherein said rough- 
ness (R 2 ) is obtained by selecting a radius (R) of a 
tip of a ball end mill (9) and a pick feed (P). 



15 



A method according to any one of Claims 1 to 5. 
wherein said machining is electric discharge ma- 
chining. 

A method according to Claim 8, wherein said rough- 
ness is obtained by selecting an electric discharge 
energy. 



20 



25 



10. A method for manufacturing a mold having a cavity 
surface which is embossed, comprising the steps 
of: 

machining a portion of the cavity surface (a) at 
a controlled roughness (R z ); and 
embossing said portion of said cavity surface 
(a) with a specitied embossment having a spec- 
ified depth (Z), said embossing being per- 
formed in the absence of grinding between the 
machining and the embossing of said portion of 
said cavity surface (a). 



30 



35 



11. A method according to Claim 10, wherein said ma- 40 
chining is milling. 

12. A method according to Claim 11 , wherein said em- 
bossing is obtained by selecting a radius (R) of a tip 

of a ball end mill (9) and a pick feed (P). 45 

13. A method according to Claim 10, wherein said ma- 
chining is electric discharge machining. 



14. A method according to Claim 13, wherein the rough- 50 
ness of the cavity surface is obtained by selecting 

an electric discharge energy. 

15. A method according to any one of Claims 10 to 14, 
wherein a ratio of the roughness (R z ) of the cavity 55 
surface (a) to the depth (z) of the embossment is 
controlled to be at a predetermined value. 
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